ABSTRACT: Coquerel's sifaka Propithecus coquereli has a large but highly fragmented distribution. Despite its Endangered (EN) IUCN conservation status, uncertainties persist regarding its actual distribution and its presence in forests that are thought to be part of its distribution range. We provide here the first extensive population surveys of Coquerel's sifaka across a large number of forest fragments neighboring 27 sites of its known and expected distribution range in northwestern Madagascar, including 12 previously visited sites. During our diurnal surveys carried out in the dry seasons from 2009 to 2011 we observed the species in 26 of the 27 visited sites. Combining our results with previously published data, we propose a refined update of the species' distribution range and identify areas to be surveyed. We also recorded the support tree species on which sifakas were observed, and note that, surprisingly, P. coquereli was frequently seen around villages and in areas dominated by introduced tree species. Although the species was present at almost all the visited sites of its highly fragmented distribution range, it remains unclear how viable the populations of a significant proportion of these sites actually are. Due to political instability and high rates of deforestation, large-scale conservation actions are urgently needed. We thus (1) discuss the outline of a possible metapopulation conservation action plan for P. coquereli and (2) identify priority sites and actions.
INTRODUCTION
In the last couple of decades our knowledge of the distribution and number of lemur species across Madagascar has increased (Mittermeier et al. 2008 , Schwitzer et al. 2013 . However, there is still no baseline data (i.e. distribution, abundance) available for many regions and species, including recently discovered species (Weisrock et al. 2010) . For species that have been known for decades but are distributed over a wide area or live in little-studied regions, data may be similarly deficient (Ravaloharimanitra et al. 2011 , Rakotonirina et al. 2013 . This is the case for Coquerel's sifaka Propithecus coquereli, which was historically reported to inhabit the Sofia region between the Betsiboka and Maevarano watersheds (Mittermeier et al. 2010 , Wilmé et al. 2012 ; Fig. 1 ). The distributions typically reported for many lemurs, including P. coquereli, are based on a relatively limited number of actual observations in the field. Despite the Endangered (EN) status (IUCN 2013 , Schwitzer et al. 2013 ) of the Coquerel's sifaka and its possible role as an umbrella species for the conservation of other species, regions or habitats, no extensive survey of its whole distribution range has ever been conducted. The last meeting of the IUCN Species Survival Commission (SSC) for lemur Red List reassessment in 2012 led to the proposal of only 3 conservation priority sites within the known distribution range of P. coquereli (Schwitzer et al. 2013 (Schwitzer et al. , 2014 . Nevertheless, a species with such a large and highly fragmented distribution range should be conserved using a metapopulation management strategy, as suggested for its sister species P. coronatus (King et al. 2012) . To develop this type of approach, and identify priority areas suitable for local management/conservation projects, a good knowledge of the existing populations and of their distribution range is required. In this context, and considering the rapid forest loss and fragmentation across western Madagascar (MEFT, USAID, CI 2009), we conducted this urgently needed survey.
MATERIALS AND METHODS
We surveyed 26 sites in northwestern Madagascar, including 12 that had previously been surveyed (Tables 1 & 2 , Fig. 1 ). Sites were chosen based on (1) previous bibliographic presence reports of Propithecus coquereli (Table 1) (Table 2 ). Diurnal surveys of forest fragments, forest corridors, riparian forests, and mango-and tamarind-dominated tree groves surrounding villages and cultivated areas were conducted on and/or off existing trails, with observers walking slowly (~2 km h −1 ) looking and listening for lemur presence. Teams spread out in a star-like pattern (to avoid overlapping of several teams) every morning with the objective of visiting an area previously identified on printed maps or satellites images. Guides (usually local farmers) were allocated to the different teams depending on their self-reported knowledge of the respective areas. During the survey each team could use trails or not and follow the guide's suggestions (in some areas the guides knew exactly where the sifaka groups would be) as long as the team stayed in the predefined area of survey.
For each observation of Coquerel's sifaka, group size, presence of newborns, support tree genus or species and geographic position (with Garmin ® Etrex-H GPS, allowing a maximum error of 5 m and using the WGS84 referencing system) were recorded. When a group was spotted, the team usually spent 20 to 45 min collecting fresh fecal samples from individuals. Consequently, the survey was not adapted for abundance estimation (i.e. in forests with high encounter frequencies, a team could spend almost all of its time sampling feces, while in sites with low encounter frequencies we sometimes surveyed a large area without spotting any lemurs). Since our principal aim was to identify and sample existing populations, no attempt was made to use distancesampling methods (except in Ankarafantsika, see Kun-Rodrigues et al. 2014) , which are significantly more time consuming. However, we calculated relative encounter frequency per site, dividing the number of observations by the survey effort (number of survey days × number of teams involved). These easily calculated numbers give a rough idea of the relative importance of the population of each visited site. Nevertheless, they are not as accurate as (and cannot be compared with) en counter rates calculated from more standardized surveys, or of density estimated from line transect distance sampling surveys.
RESULTS
We observed Coquerel's sifakas at 26 sites (Table 2, Fig. 1 ) out of a total of 27, which included 15 newly visited forests. The only site with no observation of Propithecus coquereli was AmbatolamaMarohariva (Site 27) close to the town of Mahajanga. In addition, we report observations of P. coquerel at 4 additional sites (G. Rakotoarisoa and S. Wohlhauser pers. comm., Table 1 ), thus extending to 19 the number of new survey sites. The highest encounter frequencies (in group per day) were recorded for Mifoko, Mariarano, Analabe, Andranoboka and Anjajavy (Table 2, Fig. 1 ). Of the 27 (~44%) localities 12 had relatively low encounter frequency, with values ≤1 (i.e. survey teams spotted only one or less sifaka group per day of survey on average; Table 1 ). The proportion of groups encountered on introduced tree species was high and comprised more than half of the observation in some sites, such as Mariarano (Table 2) .
DISCUSSION Distribution
Altogether, our results confirm the presence of Propithecus coquereli in its previously described distribution range, between the Betsiboka and Maevarano watersheds (Wilmé et al. 2006 , Mittermeier et al. 2010 ; Fig. 1 ). Despite 78 d of survey over 3 dry seasons of field work, we did not have enough time to visit the areas between the Sofia and Bemarivo rivers, where the species has twice been reported to be absent (Ralison 2000 , Gilbert Rakotoarisoa pers. comm.; Table 1 ). Similarly, the southern part of the inter-river system between the Bemarivo and Betsiboka rivers, where little is known about the presence of the species, still requires surveys. In this area, a recent survey (Rakotonirina et al. in press) reported the presence of Coquerel's sifaka ~90 km south of the previous southernmost observations, hence extending the distribution range of the species. This means that, despite the large size and relative conspicuousness of this diurnal lemur species, uncertainties remain regarding its distribution. Future research on Coquerel's sifaka distribution should focus on determining the western limits of the distribution range, especially in the western part of the 3 inter-river systems from Sofia to Betsiboka (Fig. 1) .
It is still unclear why the distribution of P. coquereli should stop at its current northern limit (the Mae-varano river, Fig. 1 ). Indeed, most sifakas (except P. perrieri and P. tattersalli) have distributions whose northern and southern limits are contiguous with those of generic sifaka species (Wilmé et al. 2006 , Mittermeier et al. 2010 . The closest northern sifaka sister species (from the western sifaka clade, Mayor et al. 2004 ) is P. tattersalli, which is located in the far northeast of Madagascar. The apparent gap between the occurrence of P. coquereli and P. tattersalli requires an explanation, be it climatic, ecologic, geographic or anthropogenic (Quéméré et al. 2012) . Archaeo logical efforts in these 'gap regions' could help us understand how the current distribution of sifakas species has been shaped in the recent past.
Despite being present in almost all surveyed localities, sifakas were rare in nearly half of them (12 out of 27; ~44%), with survey teams spotting at most 1 sifaka group per day of survey (group encounter frequency ≤1, Table 1 ). Moreover, in some sites located close to Mahajanga, we found that Coquerel's sifakas were still present in very small degraded and anthropogenically disturbed tree groves (Site 7) largely because they were fed and protected by hotel personnel. In another site, they had probably disappeared recently (Site 27). The increasing urbanization around Mahajanga does not provide much hope for the persistence of the species in the area.
We found a group of P. coquereli in a thin riparian forest north of the Bora special reserve (Site 21). This was a good sign given the alarming situation in the reserve reported by Koenig & Zavasoa (2006) and that the last of the 3 studies conducted in the area reported the absence of sifakas (Randrianambinina et al. 2003 , Olivieri et al. 2005 , Koenig & Zavasoa 2006 . Nevertheless, the Bora special reserve was not extensively surveyed during our study, and the only sifaka group observed was encountered after more than 6 km of survey. Moreover, the northeastern sites (Sites 13, 14, 16, 20, 21, 22 , and Report 28) appear to harbor small numbers belonging to small forest fragments and probably isolated populations which may not be of viable size and are probably at a high risk of extinction in the coming decades.
A recent distance sampling survey conducted in Ankarafantsika National Park showed that despite density variation between sites (from ~5 to ~93 ind. km −2 ), the population size at the Park scale may still be relatively large (~47 000 ind.) and thus probably demographically viable (Kun-Rodrigues et al. 2014) . Nevertheless, most of the surveyed forests reported here have a much smaller area and lower connectivity than the Ankarafantsika National Park (Moat & Smith 2007) . Although only a study combining density estimates over a large set of sites and population size estimates (as conducted for P. coronatus; Salmona et al. in press) would enable us to assess the potential viability of each population, the encounter frequencies (Table 2) can give a rough ideas of the situation. Populations in geographically isolated sites with low and patchy forest cover and with low encounter frequencies should consequently be considered at risk.
Throughout the surveyed range, we found that Coquerel's sifakas were using both native and degraded forests (Table 2 ). They were frequently observed close to or in inhabited areas (within villages, in trees interspersed between groups of houses). Moreover, locals frequently mentioned that sifakas come during the dry season to feed on mango and tamarind trees. Due to the non-systematic survey methods, it is difficult to make quantitative statements about Coquerel sifaka forest and habitat uses. Although their diet is known to be diverse (Richard 1978a) and their habitat choice to be flexible (Ganzhorn 1987) , it may be useful to present here different non-mutually exclusive hypotheses that could explain the observations of Coquerel's sifakas in anthropogenic areas: (1) the taboos traditionally protecting sifakas from hunting and consumption in the Sakalava ethnic group (Nicoll & Langrand 1989 , García & Goodman 2003 are still maintained and allow sifakas to maintain high population densities close to villages; (2) high rates of deforestation (MEFT, USAID, CI 2009) reduce habitat in these areas and may force sifaka populations to use anthropogenic areas and introduced tree species; (3) food and water availability may be limited during the dry season (when our surveys took place) in both partially degraded or non-degraded forests, hence favoring seasonal movements of Coquerel's sifaka groups towards introduced tree species and anthropogenic areas.
Conservation implications
Preliminary results from this survey were used during the IUCN SSC lemur Red List reassessment meeting in Antananarivo in 2012, to help in updating the conservation status of Propithecus coquereli (Schwitzer et al. 2013 (Schwitzer et al. , 2014 . We confirm that Coquerel's sifaka is still present in most forest fragments and riparian forests of its large and highly fragmented distribution range. With such a large distribution range, the species should be used as an umbrella species for the conservation of the north-western forest ecosystems (Wilmé et al. 2012 ). In fact, over its distribution range it co-occurs with 15 lemur species including the Critically Endangered Eulemur mongoz, and 10 Endangered species (Schwitzer et al. 2013) . Moreover, the protection of the forest fragments of this large area could particularly benefit 6 species endemic to that region: 3 sportive lemurs (Lepilemur edwardsii, L. otto and L. grewcockorum) and 3 mouse lemurs (Microcebus ravelobensis, M. bongolavensis and M. danfossi), which have relatively small distribution ranges (Mittermeier et al. 2010) . Considering that sportive lemurs are among the easiest lemur species to catch, that there have been recent reports of its consumption, and that they do not benefit from traditional taboos protecting them, increased conservation efforts in these 3 subregion may help their conservation.
Recently, in the distribution range of P. coquereli, 2 site-based action plans were proposed (for the Ankara fantsika and the Anjiamangirana/Marosely sites; Schwitzer et al. 2013 Schwitzer et al. , 2014 . Despite the fact that one of these plans covers probably the largest population of Coque rel's sifaka in its last main refugium (the Ankarafan tsika National Park (KunRodrigues et al. 2014), we do believe that only a metapopulation conservation action plan (as suggested for P. coronatus; King et al. 2012) in cluding all existing protected areas and covering the known distribution of P. coquereli would allow its efficient long-term conservation, and would benefit all the threatened biodiversity sharing its habitat. Within the distribution range of P. coquereli we identified 10 existing protected and/or managed areas (Table 3) which should be supported in such an action plan. Moreover we identified potential sites for conservation projects (Table 3) . Efforts could focus first on maintaining and/or restoring the last northeastern populations (Sites 13, 14, 16, 20, 21) . Second, efforts could take advantage of the existing good coverage of protected areas in the region between the Betsiboka River, the Mahajamba Bay and the An kara fantsika National Park. In that region the additional protection/ management of Befandrama, Tsinjorano, Andranoboka (Sites 18, 36, 15) could enable the creation of a dense regional network and benefit Coquerel's sifaka conservation. Moreover, further research is urgently required to (1) identify P. coquereli's presence in forests that have not been visited yet, (2) obtain accurate estimates of population structure and size, and (3) ascertain the current level of connectivity between sites and its impacts on the viability of sifaka's populations in the wild. As suggested at a national scale by Schwitzer et al. (2014) , specific sitebased actions that can be carried out by conservationists, researchers, and local communities, can be less expensive than national ini tiatives (Schwitzer et al. 2013 ) and could also be an efficient solution for a such metapopulation-based action plan.
In northwestern Madagascar, savannas and bush fires are widespread during the long dry season and represent a major driver of deforestation and open habitat maintenance (Kull 2002 , Jacquin et al. 2010 ). Habitat loss is also driven by the strong charcoal demand from the middle-and large-sized towns of the region (Schwitzer et al. 2013 , Kun-Rodrigues et al. 2014 and by slash and burn agriculture (J. Salmona pers. obs. Table 2 and to red numbers in Fig. 1 . This table probably overlooks several community based (COBA) conservation projects managed locally (Nicoll & Langrand 1989 , García & Goodman 2003 , Ravoahangy et al. 2008 , some cases of poaching have been reported in the region (García & Goodman 2003 , Jenkins et al. 2011 , Wilmé et al. 2012 ). During our survey, cases of leisure hunting (by people from neighboring or more distant towns) were reported in areas easily accessible from Mahajanga, as similarly reported for P. coronatus (Salmona et al. in press) . Consequently, conservation efforts could focus on implementation of alternatives to (1) savanna fires in the dry season (fires are used to promote cattle grazing), (2) charcoal production and consumption, (3) slash and burn agriculture, and (4) 
